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HPFTP Turbine Aerodynamic Design 

The High Pressure Fuel Turbopump (HPFTP) turbine aerodynamic design is 
based on the requirements defined by the Interface Control Document (ICD) and 
by the Power Balance Model, Table 387B. 
the turbine aerodynamic design because its turbine flow capacities are 
consistent with the baseline turbine nozzle flow teat results conducted on 
Pratt & Whitney's test stand, E-6, in December, 1986. 

Performance Table 387B was used for 

A conventional pressure-compounded, 2-stage turbine was chosen because of 
its inherent high efficiency over a wide range of steady-state operating 
conditions. 
swir1,angle. 
thin wall, hollow airfoil sections, wlth larger momenta of inertia, in order to 
reduce the airfoil bending stresses. 
diameter wheel speed of 1482 ft/sec which is compatible with allowable disk and 
root attachment stress criteria. 
point wheel speed to gas velocity ratio, assuring that there will not be a 
significant efficiency loss at minimum power level (MPL) operation. 
point velocity ratio, (0.55) is conservative, ensuring m i n i m a l  aerodynamic 
risk. 
primarily set by the pump hydrodynamlcr. 
selected to limit the last stage blade root centrifugal stress to 46,000 psi. 
This annulus size yielded a favorable exit Mach number of 0.18 and a low exit 
swirl angle of 18 degrees, therefore, this rpm was satisfactory to the 
performance, stress, and exit Mach number requirements of the turbine. 

No exit guide vane is required for the small (18 degrees) exit 
The high airfoil gas bending loads in the HPFTP turbine required 

The HPFTP turbine design has a mean 

This wheel speed also provides a high design 

The design 

The design speed of approximately 36,500 rpm relected for the HPFTP was 
The height of the turbine annulus was 

The methodology associated with the design of the IEPFTP starts with the 
meanline design analysis. This analysis is based on the assumption that the 
flow through the turbine can be represented by the flow at the center of the 
flow passage. 
stages required, the mean diameter of the flow passage, and the annulus area. 
Included in the analysis is an estimate of the aerodynamic efficiency. 
prediction system uses the physical laws of aerodynamics and correlations from 
rig and engine data to estimate profile loss, secondary loss, blade tip 
leakage, and shock and incidence losses based on the geometry and aerodynamic 
parameters of the turbine. An interactive graphic flowpath design system is 
used, In conjunction with the optimum meanline design, to generate candidate * 

flowpath configurations. 

This simplified approach permits seiection of the number of 

This 

The streamline design analysis i r  used to optimize the radial variation in 
the velocity tr.langles, once the average conditions are selected from the 
meanline analysis. This analysis calculates the flow cluractrrlstics at 
numerous radial locations and at the inlet and exit of each airfoil row. Once 
the meanline and streamline analyses have been used to optimize the velocity 
triangles throughout the turbine, 2 dimensional (2-D) airfoil sections are 
designed. These airfoil sections are designed to achieve contours that provide 
the desired amount of flow turning without permitting the flow to separate from 
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the airfoil surface. 
distributions and boundary layer parameters along the airfoil surfaces and 
endwalls. 
adverse static pressure gradients such that the airfoil contour can be modified 
appropriately. 
locations, they are radially faired and combined with a preliminary endwall 
definition. 
and optimize the entire flowpath configuration. 

This process involves determining the static pressure 

An interactive graphics airfoil design system is used to identify 

After the 2-D airfoils are estimated at several spanwise 

An inviscid multi-stage 3-D flow analysis is then used to refine 

All turbine airfoil, endwall, inlet, and exit flow passage surfaces are 
contoured and refined as a system. 
evaluation of potential changes to an individual surface contour during the 
design process. 
around the component being modified, but also around all upstream and 
downstream components in the complete turbine system. 
reduced risk result from this global optimization capability. 

The multf-stage feature enables a complete 

This assessment includes, not only flow property changes 

Improved performance and 

This report contains: 

o Hot elevation diagrams for each airfoil 

o 3-D airfoil plots 

o 2-D airfoil section plots 

o Tabulated airfoil section coordinates 

o A plot of hot gaging dimensions'versur radius 

o A'plot of percent change in flow area versus airfoil rotation 

o A plot of stress versus span 

o 

o 

3-D airfoil static pressure distributions 

Airfoil Ps/PT and Mach number contours 

o A plot of suction surface boundary layer friction coefficient versus 
surface distance 
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0.910 0.34OI7 -0.0:524 0.34017 -0.17*22 

XI..." Y.;bal. -u."DD*m " . ; . = I ,  -u.1-.,a* 
0.930 0.35il7 -0.07049 0.35017 -0.10521 
0 . 9 4 0  0.10417 -0.00826 0.16417 -0.71938 
0.%0 0.57217 -0.12078 0. 372 17 -0.2:440 - .. U . ; D " I ,  -u . ->u, -  ::G: ;.:::;; -:.;z 0.38817 -0.2.83. -O.:.O2* 
0.980 0.3oOl7 -0.10252 0.3.017 -0.7879: -0.2a225 
o.-o o.40~17 -0.71775 0 . 4 0 4 1 7  -0.I1061 - 0 . 2 6 0 0 1  

-".-..,I - v  . - 5 O U "  u . * I - , ,  -u.--.a, - u . - ~ o ~ u  

.., 

- r . " " V  u . .* -11 

TITLE - fSME FT FINAL 1B ... R . J . R O U E Y . . I O - O a - 8 7 . . ~ ~  
CVL 1 NDR I C*L 

MOT RADIUS = 4.1bl25 COCD PkDIUS s 4 . 1 4 8 1 0  THERMAL SWIM FACTOR * r . 0 0 0 0 0  

ND. 1 CORE CONTOUR 
TO 0 I D  REV. 0 PART NO. EMD NO. DATE 06/--/89 T I M  l5:27:5l 
SUBT I n E  
PRETYIST NOT U X D  COR.TD PRINTOUT. 

PCT Y X TOP V TOP ICIRCLE) X 801 V 
3 . u  -u . ; - D o l l  U.%JOOOU U . U O i t U  -U.i-OOU u.0 
0.010 -0.31:56 0.07404 -0.3725b 0.C 
0.020 -0.11053 0.08254 -0.3li53 0 . 1  
0 . 0 1 0  -0.31050 O.OaOr8 -0.31050 0 .c  

'V.u-u -"..".*o U.""rn.* U .  
0.050 -0.2.841 0.1Ob36 -0.2084s 0 .c  

-0.2.240 0.c . -0.28637 0.0 
0.060 -0.2*240 0.11416 
0.070 -0.28637 0.12170 

i:Gi -:.:;&a i : i G  -0.21430 0.C 
0.100 -0.2.8'7 0.14119 -0.26827 0.C 

-0.25:18 0.C 0.1-5 -O . 'S I18  0.15%8 

0.175 -0.22307 O.Iol04 -0.22302 0.c 

0.225 -0.1a286 0.217.5 -0.1081 0.C "._.." - " . , , r r ,  " .-- Y ,  C P . . , , , .  u . r  
0.175 -0.16269 0.7Sa03 -0.I67b9 0.C 
0.100 -0.147bl 0.14775 -0.147b1 0.C 
0.325 -0.11253 0.25506 -0.11253 0.1 

0,375 -0.10136 0.1.647 -O.!O:f6 0.1 
0 . 4 0 0  -0.08738 0.77066 -0.08718 0.1 
0 . 4 3  -0.07270 0.27L57 -0.07720 0.1 

0.575 -0.04203 0 . 2 i 5 0 4  -0.04:03 0.1 
0.500 -0.020.5 0.27554 -0.02615 0.1 

.- .. *.--".,a V .  

W.A>" " .---A" ".,,>-- - " . - - - I "  U. 

0.100 -0.207% 0.20568 -0.:07*4 0.a 

" . l . l S "  " . - m i - .  

,+ - . - . . * 2 * . -  L . - . - ' - -  ".",,A- U. 

r 
L 
14 
15 
15 

15 
Ib 
I. 
n 
I6 
17 
17 
lm 
I8 
I8 
I. 
I- 
I9  
19 
C 
1 

0 

a 
0 
C 

Is 

a 
a 

'01 (CIRCLE) 
. I "  u."D;Iu 
a34 0 . 0 5 3 4 1  
I00 0.05238 
448 

"a 
*C. 

-0.3I:80 o.oos1o 0.01080 
110 
453 L.E. CIRCLE (X.V.R) 

,l.,.n, .I.-"-." " ."">.a " . * I - - "  .. 
,911 
125 L.E. TOP TANG. P I .  1X.V) -0.32b35 0.06070 

L.E. ROTTOM TANG. P I .  IX.Vl -0.51350 0.05317 625 

'083 
'911 
10.0 

1308 
1350 
I348 

1208 
1070 

- - I  

...* 

0.525 -0.01187 0.27428 -0.01187 0.00887 . -- .- " . " " . - I  "."--3- TE; ;.i;e.; ;.::ti*; 0.01830 0.00178 
0..00 0 . 0 3 3 3 8  0.2.431 0.03138 0.0.OSS 
0.025 0.0484. 0.c58.2 0.04846 0.08681 

Y ".US->. Y . -2 - - .  . .  
0.075 0.07802 0.24484 i.&Z ;:%z 
0.775 0.ljb.5 0.2025: 0.13805 0.0535: 

0.700 0.0*371 0.2301: 0.0.371 0.072eO 
0.725 0.1087. 0.220:4 0.10879 0.06684 

-8 w . $ . - W V  .- ~ - Y . ' - - - l  Y.UO"2" 

0.800 0.I5404 0.1880- 0.l540f 0 . 0 4 0 1 4  
0 . e ~  o.I~-I: 0.17:~l O.Ir*l- O . O L 8 "  \..-.. ., . . . . - a  L ..- -- *..-._.I ,. .I < I d  

0.875 0.IO.28 0.1580. O.I.-:8 0.02222 

0..10 0.22040 0.IO.41 0.12040 0.00.23 
b*bu.;;19:--u.Q-ttC 
O.*JO 0.2324. 0.085;l 0.:::40 0.ooLI: 
0 . 9 4 0  0.21850 0.07404 0.21850 -0.00310 
o.-50 o.:c453 o.o0:z: 0.24453 -0.00743 
e-.-- I .-_._ 1 1 . * 1 1 . 1  

0..70 i:zx 0.25e5. -0.OIeZ7 -0.01620 
o . w o  O.:~:OS 0.0:45: 0.20203 -0.020.1 - 0 . 0 1 i . 5  
0.0.0 O.,'oBbO 0.01:OS O.:ef!e6 -0.02545 -0.015°C 

o . w o  o . : ~ ~ z b  O . I I O I ~  0.21436 0.01110 

. , . . _ _ I _ _  

I I '  



I 

'. 

W. 1 CORE CONTOUR TITLE - 2% CT ClN4L I8 .,. R . J . R W Y . . l O - O i - 8 7 . .  . 
TD 0 TD REV. 0 P I R T  NO. EUD ND. D4TE OL/:2/8* TIW 1 5 : 2 7 : 5 l  CYLINDRICAL 

SUBTITLE HOT RAOIU: = 6.60250 COLD RADIUS = 4.50.17 M R M 4 L  S H R I N X  FACTOR * 1 . 0 0 3 0 0  

I I '  



. .  

I 

~~ ~ 

T I T L E  - SSME FT F I N A L  18 ... R.J.RO~EY..IO-OO-~~..~_ 
CVLINDR I C A L  

S M T l l L E  w)T PADIU: * 4.84375 COLD RADIUS = 4.82bJS T M R W U  :MINK FACTOR = 1.00000 

W. 1 CORE CONTOUR 
I D  0 TD REV. 0 PART NO. EM0 NO. DATE Ob/--/89 T I M  15:27:51 

i -  

P R E T n l S T  NOT USED FOR I D  PRINTOUT. 

-0.:38~8 o.is.ia O.IS*:I 0.020 -0.23858 0.222.5 
o.os0 -0.232% o.:::e4 .,..e 0.15::: n.isc:i 

- 0 . O S O  -0. ;;o"b 0 .;4 lab -0.2:-X O.lSQM7 0.ISO:Z 
0.050 -o.,:03El 0.:50:5 -o.::o:a 0.168% 0.148.0 
0.060 -0.214:8 0.:5811 -o.:lc18 0.14752 0 . 1 4 7 5 8  

0.0.0 - 0 . 1 w 8  0.:708s . 
0.100 -0.IaOI8 0 . 3 . 1 3  
0.1:s -0.li5J8 o.z01:1 

0.200 -0.11038 0.33500 
0.2'5 -0.11528 0 . 3 4 4 2 :  

-O,'." 

-0.1'.38 0.14814 -o.i:osa 0.14.1s , L.E. TOP TANG. P I .  1 X . V I  -0.2L73. 0.20344 
-0.210a4 3.Ib7:: L.F. RflTT?'.' TLNG. i T .  f Y . V I  -0.1~5JS 0.15515 
O.L6?0; -G.I*2-k -0.i-G-8 G.15zSn T.L.  T u ?  ILhu. PT. I X . Y l  

-0.145?8 0.16308 T.E. BOTTOM TAS. PI. in .v i  0 . 3 2 3 4 3  -0.20235 
-0.11018 0.lb.70 

N E E  P O I N T  1X.V) - O . , ^ L ? i .  0.10588 -0.11538 0.:ea?4 
O.;LOd. -b.-Oa.- 

-0.0853 0 . 1 7 1 7 4  0.275 -0.0~518 0 . 3 5 0 7 5  
0.300 -0.0,018 0.:0115 -0.070X 0.17151 K T  CROSS-ZECT. AREA I E X C L .  COATING1 0.054.9 

-0.0552P 0.IiO:Z . 
-u.dIuiD J.I.0-L 

0.1:s -0.c55ss o.:e;,'o 
a,;,,, -u. d - ~ - a  U . ; O U ~ P  

O . L i 5  -0.02558 0.30.85 -0.02538 0.105lm GAGING ANGLE 1OEG. l  :o. 985 
-0.OIOLS O.l.1I5 0.000 -0.010:8 0.30028 

0.4'5 o . o o 4 o  O . L o C C 8  O . ( I 0 4 ~ .  0.15e:. 

5m.998 0 . 0 3 4 i :  0.14ISO O.J5;09 

- 1  . P85 
0.500 O.OL962 0.35143 
0.525 0.Oo.i. O.ILC4I o.oe40: 0.I:e'o 

.U,"Q- 3 . i - a " "  U . . J , " O L  U. iL , - . .  U.UQ. 
0.575 0.004.: o.::soi 0.0*4. :  0.10053 ~ .bVk%'T$ ;kG '%&~ IDEG. 1 21.497 

0.10.62 0.0.482 A X I A L  CHORD O.bOOO0 
0.72 1'7 

0.600 O.lOQ62 0.31412 
0..:5 0.12402 @ . I O 0 8 8  o.I:G.,: 0.08:oa ACTU-L CWOr3 

b . O > "  v . ...- "_ ".-e,*. U.1;"O- U . U O 8 - 2  k 1 ,cn il . ouuull 
0.675 0 . 1 5 4 i 2  0.2077. o . 1 5 ~  n . m w  NO. OF = O I L S  50 
0.700 o.16.0: o.:c~:I 0.169.: O.OJi57 
0.7:5 0.18462 0 . 2 Z 5 0 1  0.184e2 0.0:051 

u.I"-e- O.UU--"  
0.214-2 -0.OlII5 

0.800 0.22.67 0.14015 0.2:OoI -0.03788 
0.8:s 0 . ~ ~ 8 :  o . i w o  0.2440 -0.05'06 

' o . O > *  u .-,-u- U.UO' . u.-a'e- - V . U E C Z O  
0.875 0.27462 0.01087 0.2746: -0.10852 
0.900 o.:s9i: -0.0105l 0.78962 -0 .13523 
0.*10 0.2*587 -0.02706 0.:a5.2 - 0 . 1 4 8 4 2  

0 IS .u  U.;ULO- -i.u-ai- U . - U I O -  - U . l > r ' U  
0 . 9 3 0  0.30762 - 0 . 0 i 2 8 9  0.30762 -0.16070 
0 . 0 4 0  0.3116:. -0.080°4 0.31362 -0.18182 
0.~50 0.:14*: -o.0-:6 O.31*62 - 0 . 1 0 4 2 7  

Q.-mu Y * . I . , O L .  u.;->o- -" . -" Ida -Li.-">*e 
0.370 0.33Ib2 -0.13.67 0.13162 -0.220018 -0.20.58 
0.080 O.SZ762 -0.15571 0.J3762 -O.:S35! -0.2IOIC 

0.343~2 -0.2571- -0.CO787 
7.""" "..--Q- -"..--., 4 .,. -0a '  u .ib-O- - U . - > ) - O O  - U  . .  1-021 
0.a.0 0 . 3 4 3 6 :  -0.174O8 

I X . V l  " -\I.,L'F.J u . . a r u :  -0.IGUib U . r # l C Z  1-rL F .- 

a.i5c*> o . ; e t ~ B  0. .1 ,"  

CTP. @C GEAV. f I N C L .  COATING1 1 X . V )  0.07'03 D.I?740 . 0 -  ".>" I- o..J1-0- 0 . l S O l "  0 .G  0.0 

2::;; o.ocas: o.iss71 INLET mEnGc ANGLE (Eo. I $9.874 . 
E X I T  ANGLE ~[Icc.. I 

.>DU u 

P R E T Y I S T  NOT USED FOR 10 PRINTOUT.  

PCT x Y TOP V TOP ( C I R C L E )  X BOT V 801 I C I R C L E I  
. U  - v  . - I - > -  U . 1  DO> L ' . , " - O ,  -".-;A,- U . I I D I ' .  u . , - - - I  

0 . 0 1 0  -0.20920 0.402:5 -0.:0920 0.17.9~ 0.18409 
0.020 -0 .20482 0.20841 -0.20482 0.18117 0.18224 
0.o:o - 0 . : 0 0 4 3  0.2lSS2 -o.:ooa 0.18::a 0.  1 8 2 ~  

0.050 -0.19166 0.32648 1;: i% z :  ;;lit 
0.060 -0.18728 0.21222 -0.18728 0.18010 
0.070 -0.1828. 0.Z377b -0.1828. 0.187.8 

a.usr -V.A-DUD u .--.,e 

L.E. C I R C L E  1 X . V . R I  -0.2029- 0.19267 O.OI050 - -"..(L>, " V . - I - V O -  V.YQ-:O u .* I -0  a .-. .."r I . L .  C I I b L L  5 1  .,.-, 
0.0.0 -0.17412 0 . 2 4 8 1 5  -0.17412 0.180% 
0.100 -0.16.13 0.25303 -0.16973 0.19125 L.E. TOP TANG. P T .  1 Y . V I  -0.21163 0.19880 

.-. .,I.-, " . .-VU. . I .  . . ".--I"= U.U.aS01 "0:;;; -;:ii:;; ;.:*:;; -0.13685 O.la.19 i : k :  E&&?&: Pi:  ;;.VI 0.20261 0 .05537 

NOSE P O I N T  1 k . V )  -0.21Ib6 0.18050 
L r V l n l  6 n . I )  ".-,=E, v .U>.UD 

0.125 -0.15877 0.:6457 -0.15877 O.I*LSL L.E. 8orTnm TANG. PT. (*.VI -0.2001. 0.1824m 

0.200 -0.12588 0.29629 -0.1588 0.2008: 
0.23 -0.114.2 O.SO441 -0.Il4.2 0.20208 

0 . 3 0 0  -0.08203 0.Z2316 -0.082OJ 0.20436 
0.JX -0.07107 0.127~0 -0.07107 0.20426 

.- .- Y.LY--v " .-".*a 
g.2;; -::&ZoG D V . J i G i  -0.09100 0.20s-7 

...=" -d.Ym".l I .--* 1 i " . - Y e , -  

o . iT5 -0 .04 .14  0.33350 -0 .04914 0.20275 
0 . 4 0 0  -0.01818 0.3:5:6 -0.03818 0.201ss 
0.4:s -o.o:~:: 0.3~5- -0.027:: O.I~.CI 

0.475 -0.005,'o 0.33605 -0.00529 0.1%40 
0.500 0.00587 0.3328.' 0.00567 0.I.I:O 
0.5:s O.Olee3 0.33021 0.01eoS 0.18755 
a.,,, Y . Y - 1 > -  " . .-v 8 0 " . " _ t i )  - ".Lo--" 
0.575 0.05615b 0.32247 0.01850 0.17885 

0.04912 0.17J81 

" ~ " I " - "  " .-._I.. Y . " L m - s  " . , - * i s  

0.875 0.liOll 0 . 1 ~ 0 4 1  o.iioii o.oa:a* 
o.aoo 0.18107 0 . I m 0 7 1  0.18107 0.07751 
o . a i o  O . I ~ S L ~  0.16067 0.18540 0.07318 

d . 9 z P - * a . l 5 t z a  ".,a _ -  V .  

0 . 0 3 0  0.1.423 O.ILI46 0.1*4:3 0.00422 
0 . 9 4 0  0.1.801 0.13137 o . l a e i l  o.osa59 
0.-50 0 . : 0 : 3 0  0.l:IOl 0.20300 0.C5485 0.05487 
e..* 
0.070 0 . : 1 1 7 m i  0.21177 0.0451Z 0.05112 
o . w o  O.:IC.IS o . o w 0 8  0.21015 0.04C2I 0.05178 
0 . 0 8 0  0.2-354 0.0775. 0.2:054 0.0.5:* 0 . 0 5 4 2 "  ;.:*:; r .< " "  - - I  " . -_ -  "."_ ., . .""- I 

I I '  



' 
i 

! 

-l 

T I T L E  - %HE F T  F I N A L  IB...R.J.ROYEV..10-06-87... 
C Y L I N D R I C A L  

UCJT R A D I U S  I 5.08500 COLD RADIUS = 5.0.311 T U E R M U  S H R I M  FACTOR * I.OCOO0 
EUD No. DATE 0612218. TIME 15:27:51 

! w CONTOUR 
0 ID REV. 0 PART NO. 

, 

! 

PCT x Y TOP v TOP [ C I  PCLE) Y ROT v ICY r r i w L E i  
3 . 0  -0.la;'S 0 .:we3 O.:~I~., - O . I S ~ Q S  O.::OLI o.:siWa 
0.010 -O.Ii8*S 0.2.a94 -0.17895 O.2o:el 0.20:75 
0.020 -0.17105 0.30.02 -0.17105 0.2~680 o.;siz: 
0.030 -0.109~5 0.1lOlC -0.16Pa5 0.:5505 0..5-15 
%.Ob0 -0.IeJO5 0 . .---- ---*a -a.1..=5 0 ._ -5G '  .? 
0.050 -0.15805 0.12760 -0.ise.s o.:a:: 

.o:r,o 0.080 -0 .15195 0.33247 -0.iss.5 0.:4~67 
0.070 -0.146*5 0.35OOo -0.14805 O.. 'bS5? -0.1cot5 O.:~ICC o 

~ . o a o  -0.I;JQS G . ; - I 1 0  - -0.lCSa5 0 , : G - i :  O.JOZ55 -0.1080' 0 .01250 
0.0.0 -0.i38.s 0.34517 -0. I 58.5 o.:44i. 

-0.l31.5 0.243.: L.E. TOP TANG. P I .  I X . V l  -0.18070 0.2.631 0.100 -0.13315 0.14891 
0.125 -0.1'145 0 . ? 5 7 2 '  

1 .c .  1u- TANG. FT. 1h.Y) O.Li550 -0.loSSi 
0.175 -0.0eo45 0.37030 -0.oa.4~ O.:~PCS T.E. 8OTTOM TANG. FT. 1X.V)  0.29221 -0.17339 
0.200 -0.085oS 0.57512 -0 .08105 -0.ire48 

-0.18:04 0 . : 7 0 2 4  
T A I L  F m  804 - O . l , o , e  

0.2:s -0.0714s o.:7eao -o.o:I45 O..'c.SS. NOSE FOINT ( Y . V I  
%.-so  -0.Li5-aQ5 0 .;*Io' -4.OSE-5 d.-LL,Z I 1 X . Y I  .- 
0.275 - o . o i - s s  o .msz  -0.04or5 0.24I03 

-0.::1c.5 o.:ci16 L.E. P3TTOU TANG. F T .  ( X . V I  - o . I + ~  o.:~o:o 
B.150 - 0 . 1 0  65 J.>o--d - 0 . I P b - 5  0 .;*548 

0 .300  - 0 . 0 3 1 %  0.18b43 - 0 . 0 1 1 5  0.23757 NET CRDSS-LACT. AREA IEXCL.  COATING1 0 . 0 4 3 0 1  
0.125 -0.02145 O.IRGb1 -0.02145 0.2.-2i8 . '  

0.175 0.00555 0 . 1 8 1 6 3  0.00355 0.22085 GAGING ANGLE I M G .  I 21.017 
a.;..u -u.uLD-s 0 .;*>.a -\).c,(10-5 * . - - I - (  b.-r.!hG I*. \  . L A P Z D A I  0.1--ai O.2iC.i c.::*;a 

0 . 4 0 0  0.01005 0.3788! O.Ol"O5 0.21JSO 

0.475 0.0 
0.500 0.0 
0.525 O.Oi855 0 . i 4 0 9 0  O.OiFS5 0 . 1 ~ 3 1 7  E X 1 1  ANGLE IFEO.1 2I.OC8 

' I h l U  u ." - IUS u .:.uv. u . u - I ~ ~  U.ISII.U L A &  I b4CA-L ihuLt I U t b .  1 E . L , U  
0.575 0 . 1 0 1 5 5  0.32099 0.10155 0.13074 UNCOVERED TURNING ANGLE IDEE. I 2 4 . 5 9 0  
0.000 0.11005 0.31780 0.11.05 0.1:::o AXIAL C W R D  0.50000 
0.6:s LI.I :E~S 0.:0:70 0.12855 0.10078 ACTUAL CMORD 0 .0PSSP 
u.oau u . . - I U S  u . - > , e *  i J . I " I U 5  u .LJ"U." P . 1  DLM 0 .  V i " " l i  
O.e?S 0.1515% O.. 'bslfI  n.i*sss 0.n7ss: w. w mu 50 

0.725 O.liS55 0.22382 0.17P55 O.OSoC2 
7 . t ~ ~  u . ~ - i u s  o . I - < " ;  . e.- 

0.700 O.l!.OS 0.2478b O.liOO5 0 . 0 5 5 3 0  

0.175 O.ZOS55 0.1-765 ::;;;E -:.:;Sa8 

P R E T Y I S T  No1 USED FOR TO PRINTOUT.  

PCT X Y TOP V TOP f C I C C L E 1  X EO1 Y EO1 ( C I R C L E 1  
'b.u - U . I D A - ~  u . - - I u ,   moa^ - u . ~ a i - ,  u.-.-a'* u . ->e>:  
0.010 -0.14778 0.20517 -0.IL7i8 0 . 2 i 4 . 3  0.27788 
0.o:o -0.14431 0.:.014 -0.14451 0.27440 0.27536 
0 . 0 1 0  -0.14084 0.J02'0 -0 .14084 0.27410 0.27522 . .,- - " . I - , . ,  ".-tils 2::;: : : . ;114  ::is;: -o.I:~.o 0.:7178 
0 . 0 4 0  -0.ISO4S O.IIZ44 -0 .1%041 0.2iSb9 

0.0.0 -0.12002 0.:::21 -0.12002 0.2741. 
0.100 -0.11055 0 . 3 2 4 7 9  -0.11b55 0.2745l L.E. TOP TANG. P I .  1Y.V)  - 0 . 1 4 8 2 5  0.2.41: 
0,125 -0.10707 0.11064 -0.10787 0.2754. L.E. BOTTOM TANG. F T .  t X . V l  -0.15.t.s 0.:7407 

3:;;; -;:&G ;:iiii; -;:;iiii ;::;:ti + : E  1 STTGrn%G .Pi:. i i .v 3 0.17S10 0 . 0 9 7 7 0  

-0.15028 0.2816- .- a .- rlL ,-~ , A . T ,  w.,n-., u ."-.,e 

0.200 -0.08185 0.14410 -0.rn185 0.27r22 
0.225 -0.OiZI8 0.14730 -0.07318 0.27568 W-E P O I N T  ( X . V )  

i.2;; -i:z;i; ;:i;1i; :x;z i . 2 G S  
0 . 1 0 0  -0.04715 0.35346 -0.04715 0.27178 
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